Considering the importance of ROS influence on sperm functionality and some limitations in sperm oxidative stress assessment methods, a field to studies of new techniques are still open. In this sense, the aim of this study is to validate the ROS detection technique through the CellRox Deep Red Reagent ® probe in stallion sperm. Four stallions were used and the analyses were conducted on four replicates of semen samples from each of stallion (n = 16). The results of the polynomial regression presented a quadratic effect, high determination coefficient value (R 2 = 0.88) and high significant P value (P < 0.0001). The CellRox Deep Red ® fluorescent probe is able to detect reactive oxygen species in equine sperm, indicating accurately the occurrence of oxidative stress in stallion semen.
Introduction
Spermatozoa are constantly exposed to oxidizing environments during production in the testicles until fertilization in the female reproductive tract. Furthermore, sperm cells are very susceptible to oxidative stress because they have high amount of polyunsaturated fatty acids in their cellular and intracellular membranes. In addition, low concentrations of cytoplasm and cytoplasmic enzymes limits their ability to eliminate reactive oxygen species (ROS) and to repair DNA damage (Lenzi et al., 1996) .
Mitochondrial metabolism is the major sperm source of ROS generation (Gibb et al., 2014) . The induction of ROS generation by mitochondria is the first step of apoptosis cascade which is associated with several changes that prevent sperm to participate of fertilization process. ROS are able to attack sperm DNA and mitochondria, reducing mitochondrial membrane potential and sperm motility. Furthermore, they can also reach sperm plasma membrane, reducing its fluidity and integrity (Aitken et al., 2012) .
Since ROS may interfere on sperm functionality, its identification during semen analysis is also important. Some oxidative stress measuring techniques are well know. In presence of ROS, lipid peroxidation occurs and with the C11-BODIPY probe a change from red to green fluorescence is detected, which can be read by flow cytometer or laser confocal microscopy (Ball and Vo, 2002; Brouwers et al., 2005; Raphael et al., 2008) . In addition, the MitoSOX RED® probe only detects the superoxide anion mitochondrial, the H 2 DCFDA only detects the hydrogen peroxide (Aitken et al., 2013) and the probe crosses the cell membrane in a non-fluorescent form, but when in contact with reactive species within sperm cells, it will emit detectable fluorescence (Wang and Joseph, 1999) . The H 2 DCFH-DA has the advantage of allowing quantification of oxidative stress by flow cytometry or fluorometry, however, has the disadvantage of only identifying the hydrogen peroxide (Wang and Joseph, 1999) .
Considering the importance of ROS influence on sperm functionality and some limitations in sperm oxidative stress assessment methods, a field to studies of new techniques are still open. In this sense, the CellRox Deep Red Reagent® (CAT 10422, Molecular Probes) can detect ROS presence by emitting red fluorescence when reactive species are detected and not emitting any fluorescence if no oxidative stress is detected in the cell. This probe is able to detect the hydroxyl radical and the superoxide anion, but presenting more sensitivity to hydroxyl radical detection. Furthermore, it can be read in epifluorescence microscopy, flow cytometry and spectrophotometry. Still, it can be associated with other probes and can be fixed to read a posteriori (Grinberg et al., 2013; Alves et al., 2015) .
In the current andrology field, the CellRox Deep Red® fluorescente probe has been tested in sheep sperm with induced oxidative stress to validate the technique (Alves et al., 2015) . Due to the equal importance of oxidative stress on equine spermatozoa, the aim of this study is to validate the ROS detection technique through the CellRox Deep Red Reagent® probe in stallion sperm.
Materials and Methods
The experiment was conducted with three semen treatments: T0 (semen sample that was not ® in equine spermatozoa.
438
Anim. Reprod., v.14, n.2, p.437-441, Apr./Jun. 2017 submitted to oxidative stress induction), T50 (semen sample that was 50% induced to oxidative stress and 50% not induced) and T100 (semen sample that was entire submit to oxidative stress induction); and two variables: sperm under no oxidative stress and sperm under oxidative stress.
Semen collection and preparation:
Four stallions were used. Before starting the experiment, the animals underwent a biological leveling through a regular interval of semen collection, totalizing four semen collections in a week. Stallions were maintained under the same management conditions during the experiment, housed in pens and free access to appropriate individual pickets three times weekly. Hay, grass and concentrates were provided to attend the NRC, with water and mineral salt provided ad libitum.
The analyses were conducted on four replicates of semen samples from each of stallion (n = 16). Each of the four replicates was collected as two ejaculates from the same animal collected within a 90 min interval; therefore, a total of 32 ejaculates were collected.
Prior to each ejaculate collection, the stallion´s penis was washed with wet cotton at 35°C. The ejaculates were collected using an artificial vagina with temperature of internal mucosa at 42-45°C. The experiment agree with Ethical Principles in Animal Research adopted by Ethic Committee in the use of animals of the School of Veterinary Medicine and Animal Science of University of São Paulo, protocol number 6982031014.
The first ejaculate of each replicate was diluted in TALP media (Bavister and Lorraine, 1983 ) at a concentration of 25 x 10 6 sperm/ml for the preparation of two samples: control samples without oxidative stress induction (T0; semen in natura) and samples with induced oxidative stress (T100).
For the induction of oxidative stress, an aliquot of 1000 µl was centrifuged at 500 x g for 10 min to remove seminal plasma. Then, the supernatant was removed and the pellet resuspended in 200 µl of TALP, 50 μl of sodium ascorbate (20 mM), 50 μl of iron sulfate (4 mM) and 30 µl of t-butylhydroperoxide (15 mM) and incubated at 37°C for 90 min (adapted from Alves et al., 2015) .
The second ejaculate, collected after past 90 min of oxidative stress induction, was used for the preparation of the third sample (T50), which contained 50% semen from the second ejaculate diluted in TALP (without oxidative stress induction) and 50% semen from the T100 sample (after oxidative stress induction).
Oxidative stress analysis:
In the present experiment, the CellROX Deep Red Reagent® fluorescent probe (2.5 mM; Life Technologies, New York, USA) was diluted in dimethyl sulfoxide (DMSO; 472301, Sigma-Aldrich, St. Louis, USA), as precise indication of the manufacturer, for a final concentration of 1 mM (working solution) and stored at -20°C in the dark. During use, this working solution was kept in the dark at 37°C.
For technique preparation, 200 μl (25 x 10 6 sperm/ml) from each semen sample (T0, T50, and T100) were added to 4.0 μl of CellROX® (1 mM, Invitrogen) and 2 μl of Hoescht 33342 (0.5 mg/ml, Molecular Probes) and incubated at 37ºC for 30 min. After incubation, each sample was centrifuged for 5 min at 2000 x g, the supernatant was removed, and the pellet was resuspended in 200 μl of TALP. An aliquot of 4 μl of the solution stained with CellRox ® fluorescente probe was placed between a slide, coverslip and read under epifluorescence microscopy (Nikon, model Eclipse Ni-U 80i, Tokyo, Japan) at 1000X magnification using a triple filter (D/F/R, C58420) featuring the UV-2E/C (340-380 nm excitation and 435-485 emission), B-2E/C (465-495 excitation and 515-555 emission), and G-2E/C (excitation 540-525 and 605-655 emission) sets.
A total of 200 cells were counted for each sample by the same technique. The cells were classified in two categories: sperm under no oxidative stress (unstained midpiece), sperm under detectable oxidative stress (midpiece stained red), as demonstrated in Fig. 1 . 
Statistical analysis
Data were evaluated for normality (Shapiro-Wilk test) and homogeneity of variances. When normality and/or homogeneity was significant (P < 0.05), data were transformed and reassessed. An analysis of variance (ANOVA) was conducted to detect differences between treatments. Means were separated by the Tukey test. Percentage of positive cells (with oxidative stress) were submitted to polynomial regression analysis (PROC GLM) of SAS (version 9.3; SAS Institute, Inc., Cary, NC, USA) to determine the model, regression equation and the coefficient of determination value (R 2 ), when P ≤ 0.05. Statistical differences were considered at P ≤ 0.05.
Results
The Tukey test was conducted to prove that there were differences between treatments T0, T50 and T100, demonstrating that oxidative stress induction method was efficient, as shown in Table 1 .
Subsequently the data were submitted to polynomial regression. The results of this analysis presented a quadratic effect, high determination coefficient value (R 2 = 0.88) and high significant P value (P < 0.0001), as demonstrated in Fig. 2 . Table 1 . Mean ± standard error of oxidative stress (%) using CellRox Deep Red in equine sperm with treatments T0 = without oxidative stress induction (n = 16); T50 = 50% of the sample without and 50% of the sample with oxidative stress induction (n = 16); T100 = with oxidative stress induction (n = 16). ) and probability value (P).
Discussion
Two systems are involved in sperm production of ROS. One is the NADPH oxidase at plasma membrane and the other is NADH-dependent oxidoreductase at mitochondrial levels (Aitken and Baker, 2004) . In horses, oxidative stress is particularly important because semen cooling and transportation for subsequent artificial insemination are routine practices in equine industry. Previous studies suggests that the decrease in equine sperm functionality after storage at 5°C may be due to oxidative damage caused by an increase in ROS generation during cooling (OrtegaFerrusola et al., 2011) .
For the induction of oxidative stress in the present experiment, ascorbic acid, iron sulfate and tButylhydroperoxide were utilized (Ball and Vo, 2002) . Those substances were chosen due to Fenton reaction, which is responsible for turning the hydrogen peroxide into hydroxyl radical, through iron oxidation. It occurs primarily by the reaction between one molecule of Fe . Among the added substances, ascorbic acid has the function of reducing iron and t-Butylhydroperoxide (a hydroperoxide) has the function of catalyzing the reaction. In summary, this technique is based on the formation of iron ions which will catalyze hydroperoxides breakdown, initiating the chain reaction of lipid peroxidation (Aitken et al., 1993; Nichi et al., 2006) .
In general, equine ejaculate is composed by high amount of seminal plasma, mainly when compared to other species. High concentrations of ascorbate, urate and thiol groups are present in mammals' semen. In addition, in lower concentration, glutathione and α-tocopherol are also present (Li, 1975) and several antioxidant enzymes such as catalase, superoxide dismutase, glutathione peroxidase and glutathione reductase (Kankofer et al., 2005) . These components promote antioxidant capacity to the seminal plasma. For this reason, the sample that underwent induction of oxidation in this experiment was centrifuged in order to remove the seminal plasma.
Using the procedures mentioned above, the present experiment succeeded in both, induction of oxidative stress and its detection by the tested probe, as demonstrated in Table 1 and Fig. 2 .
The linear equation demonstrated a quadratic deviation due to T50 group, which demonstrated better results than expected since more than 50% of cells presented detectable oxidative stress in this group. This result can be explained by the applied methodology, because the T50 sample consisted of 100 ul of fresh diluted semen (newly collected) and 100 ul of the semen sample with induced oxidative stress (after incubation). However, the Cell ROX Deep Red® fluorescent probe needs a high incubation time (30 min) which may have allowed a slight effect of oxidation inductors from the T100 sample during this period. In order to avoid this effect, preliminary experiments were conducted and other incubation periods were tested, however, for a correct interaction of the probe with ROS this minimum incubation time of 30 min was necessary.
The time of the fluorescent probe incubation and induction method, were based on the study of Alves et al. (2015) with ram sperm cells. In this paper the technique was described and was successful in detecting oxidative stress in vivo, through the induction of testicular degeneration, and in vitro.
A direct comparison of the results obtained by CellRox ® with other probes as C11-BOBIPY, MitoSOX Red ® and H 2 DCFDA is not feasible. The C11-BOBIPY evaluates lipid peroxidation (Ball and Vo, 2002) and not ROS directly. MitoSOX Red ® probe detect only superoxide anion (Aitken et al., 2013) and H 2 DCFDA detect specifically hydrogen peroxide (Wang and Joseph, 1999; Aitken et al., 2013) . Even being more sensitive in the detection of the hydroxyl radical, the CellRox ® probe can detect both, the hydroxyl radical and the superoxide anion (Alves et al., 2015) .
Taking into account the results above mentioned, it was concluded that the CellRox Deep Red ® fluorescent probe is able to detect reactive oxygen species in equine sperm, indicating accurately the occurrence of oxidative stress in stallion semen.
